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$($ EMVRP . 1 Start, A,
$B,$ $C$ 4 , $A,$ $B,$ $C$ 1, 20, 1








$lb$ I. Kara [3].
2 .
$1=$ (Start $A,$ $B,$ $C$ ,Start),
$2=$ (Start, $B,A,$ $C$ ,Start).
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2: costl 3: cost2
(TSP) .
$G=(V,E)$ $d:Earrow \mathbb{R}_{\geq 0}$ .
$v_{i}\in V(i=0,1,2, \ldots,n-1)$ $i$




4: 4 5: 4
$Cost_{TSP}= \sum_{j=0}^{\mathfrak{n}-1}d(v_{i_{j}}, v_{i_{(j+1)}})$ $(v_{i_{n}}=v_{i_{0}})$ . (1)
(1) $(i_{0}, i_{1}, \ldots,i_{n-1})$
.
TSP NP
[4]. , $v_{i}=(x_{i}, y_{i})\in$
$\mathbb{R}^{2}$ , $l_{2}$ ,
$d(v_{1},v_{2})=\sqrt{(x_{1}-x_{2})^{2}+(y_{1}-y_{2})^{2}}$






$O(n(\log n)^{O(c)})$ $[$ 1].
Arora
















” . , $a,b$ $[0, L)$
, 4 $x$ $a$
$(x$ $X$ $X+amod L$ $)$ .
$y$ $b$ $(y$ $Y$ $Y+bmod L$
) . , 1
.









WMLP 21 TSP , $i$
66
$\uparrow\iota_{i}>0$ . , vp
. WMLP
.
COStWMLP $= \sum_{1=1}^{n-1}[w_{p_{j}}\sum_{j=0}^{i-1}d(v_{p_{j}},v_{p_{j+?}})]$ . (2)
(2) .

















$\{v_{0},v_{1}, \ldots, v_{n-1}\}(v_{i}=(v_{\varpi}, v_{\nu})\in \mathbb{R}^{2})$ ,





$i$ $V_{Pj}$ , $d(u,v)$
$u,$ $v$ , $v_{p\text{ }}=$
$v_{p}$. $=v0$ $w0=0$ , EMVRP
.











$\mathcal{T}=p_{0}arrow p_{1}arrow p_{2}arrow\ldotsarrow p_{n-1}arrow p_{n}(=p_{0})$
EMVRP , $\mathcal{T}$ Cost OPT .
$0<\epsilon<1$ $\mathcal{T}$
$k$ .
$i(=1,2, \ldots, k)$ $n_{i}$
, :
$W_{1}= \frac{\epsilon W}{1+\epsilon}$ (6)
$W_{i}= \frac{\nu V_{*-1}}{1+\epsilon}=\frac{\epsilon W}{(1+\epsilon)^{\dot{a}}}$ $(i=2,3, \ldots,k-1)(7)$
$W_{k}=W- \sum_{:=1}^{k-1}W_{i}=\frac{W_{k-1}}{\epsilon}$ (8)
.
$W_{>i}=\{\begin{array}{ll}\sum_{j=i+1}^{k}W_{j} (i=1,2, \ldots,k-1)0 (i\geq k)\end{array}$ (9)

















Arora, Karakostas [2] WMLP $w_{\infty}$
. $k$ (15) $w_{\infty}=1$
, $k=O(\lrcorner)$ ,
$W$ .
, $w_{\infty}\geq\epsilon W$ .
. ,
.
, $\log\frac{W}{w_{\infty}}\leq\log\frac{1}{e}$ , $k=O( \frac{1}{}\log\frac{1}{\epsilon})$ .
$k$ .
3.1. $w_{\infty}\geq\epsilon W$ , EMVRP
$k=O( \frac{1}{e}\log\frac{1}{\epsilon})$ , $(1+\epsilon)$
.
. OPT ,












Cost( $\mathcal{T}^{t}$ $i$ )
$\leq(W_{i}+W_{>i}+w_{\infty})T_{:}’$ $(i=1, \ldots, k)$ (19)
Cost $( \mathcal{T}’)\leq\sum_{i=1}^{k}W_{j}T_{i}’+\sum_{i=1}^{k}W>;T_{i}’+\sum_{i=1}^{k}w_{\infty}T_{i}^{l}$
(20)





. , EMVRP 1
, $(1+\epsilon)OPT$
.






































. , OPT .
. 1
$\sqrt 2g$ , $\sqrt{2}g\cdot(W+$
$w_{\infty})$ . $n$
$n\cdot\sqrt{2}g\cdot(W+w_{\infty})=\sqrt{2}\epsilon Lw$
. $OPT\geq 2Lw_{\infty}$ ,




, $x$ , $y$ $L/g$ ,
2













, $(m, r)$-light $(1+\epsilon)OPT$
. , $m=O( \frac{1}{g}\log\frac{\mathfrak{n}}{c}),r=O(k/\epsilon)=$
$O( e1\urcorner\log\frac{1}{e})$ , OPT EMVRP .
. ,
3.1 $k=O( \frac{1}{c}\log\frac{1}{c})$
, Arora $[1|$ TSP
.
35( TSP [1]). $c>1$
TSP
8, $L$
. $0\leq a,b\leq L$ ,
1/2 4
$(m,r^{t})$-light $(1+1/c)TSP$
. , $m=O(c\log L),$ $r’=O(c)$ ,
$TSP$ .
35 $k$ $T_{1},$ $T_{2},$
$\ldots$ ,
. $k$
4 $O$ (ck) (











$\leq\frac{f}{r}(W_{i}+\nu V>i+w_{\infty})TSP_{i}$ , (25)



















$\epsilon OPT$ , $r’=O(ck)=$
$o(\cdot 1v^{\log\frac{1}{c})}$ , (ii)
















. $i$ 1 $S_{i}$ , 4
$S_{i,1},$ $S_{i.2}$ , S:,$, $S_{i,4}$ .
2. $\epsilon$ $>$ $0$ , $k,$ $m,r$
. $k$ $\geq$ $\frac{2(|og\frac{W}{w\epsilon}+|\circ\iota^{1})}{}+2,$ $m$ $=$




3. $i$ Si $\ovalbox{\tt\small REJECT}$ .
4. $S_{i}$ “ ” . “
” , look-up
.
(a) $S_{i}$ } $($ $[0,r])$ .
(b)
$((\begin{array}{l}m+\prime r\end{array})4. (4r)!$ $)$ .
(c) ( ,
) $((L/g)^{4}$ $)$ .
(d)
$($ $[w_{\infty}, w_{\infty}+\nu V]\cap Z)$ .
$i= \max$(4 ) STEP6 ,
STEP5 .
5. $ll$ ” $S_{i.1},$ $\ldots,$ $S_{i,4}$ (




6. $S_{i-1}$ 4 $S_{i}$
$t$‘ ” .
$S_{i-1}$
$(m, r)$ -light $S_{i-1}$ .





















up . STEP4 (a), (b)
$(mr)^{O(r)}$ , (c), (d)
STEP4 .
$\#$
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